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| NTRODUCTI ON

Lifting chain is used extensively wthin the Corps of Engineers
for both damroller and tainter gate applications. This paper
will primarily focus on straight sidebar type roller chain
designed for use in Mssissippi R ver damgates. In particular,
the applications of this type of chain for Lock & Dans 3 through
10 (on the Upper M ssissippi River) will be presented. Al the
l[ifting chain on these dam gates either have been replaced or
will be replaced as part of a major naintenance and
rehabilitation program (MWR). The information provided in this
paper, however, could easily be adapted to any gate lifting
appl i cation.

A nunber of different issues pertaining to roller type lifting
chain will be exam ned. This includes material selection,
corrosion prevention, first cost, and life cycle cost. An

engi neering analysis of this type of chain will be presented.
Mai nt enance issues will be exam ned.

Al t hough sprockets and roller chain are interrel ated, sprocket
design will not be analyzed in this paper.

SUMVARY

Lifting chains for the damgates falls under the category of a
tension |inkage chain and al so the broader category of an
Engi neeri ng Steel Chain.

The gate lifting chains for Locks and Dans 3 through 10, on the
Upper M ssissippi River, have been or will be replaced. This work
has taken place over the last 10 years as part of the MWR
program A nunber of different chain designs have been used with
varyi ng degrees of success. There is currently a supply contract
awarded to build lifting chains for the tainter gates at Lock and
Dans 5A, 6, 7, 8, and 9. Once these chains are built and
installed, all the roller and tainter gate lifting chain wl|
have been replaced. The design for the current tainter gate chain
supply contract incorporates alum num bronze sidebars, alum num



bronze rollers, and stainless steel pins and collars. There are
no bushi ngs or bearings between the al um num bronze si debar and
the stainless steel pin. This design is based on a simlar chain
design at Robert C. Byrd Lock and Dam on the Chio River

TERM NOLOGY

It is inportant to differentiate howroller type lifting chain
for a tainter gate or roller gate is different then a bicycle
chai n beyond the obvious size and strength differences. There are
several chain standards and a chain manufacturers associ ation
that classifies various chain types.

The Anerican Chain Association (ACA) includes a nunber of chain
manuf act uri ng conpani es i ncludi ng Wi tney Chain, Acne Chain, etc.
The origins of the ACA date back to the 1930's. The ACA has
publ i shed a nunber of design manuals for chain and sprocket

desi gn including the handbook ‘ Chains for Power Transm ssion and
Mat eri al Handling, Design and Applications’ (1). The ACA revises
and updates standards on chain periodically and submts these to
the American National Standards Institute (ANSI) for adoption.

The chain industry, chain manufacturers, and ACA nmake a

di stinction between Roller Chain (capital letters) and

Engi neering Steel Chain. In general, Roller Chain is used for
power transm ssion between sprockets at noderate to high speeds.
The chai n speed, sprocket design, and kinematics between the
sprocket and chain are crucial. Roller Chain is manufactured per
ANSI / ASME B29.1 (see standards paragraph below). The tension
menbers between pins (side plates) are called link plates. This
type of chain is generally produced in |large quantities. The size
and strength ratings are relatively low Bicycle type chain, for
i nstance, falls under this category.

Engi neering Steel Chain is intended for a wider variety of
applications including materials handling. The Engi neering Steel
Chain is usually manufactured in smaller quantities, has greater
strength, nore corrosion resistance, greater shock resistance,
and is designed to be used in severe environnents. This chain is
manuf act ured per several standards includi ng ANSI/ASME B29. 10 and
B29. 15. The side plates are called side bars. (For instance, this
is the term nol ogy used in ANSI/ASME B29.10.) The pin-bushing
area is referred to as the chain joint. The sidebars establish
the chain pitch

The ACA defines tension |linkage chain as a chain application



where the main function is to nove a load slowy, intermttently
t hrough a short distance, or to hold a |oad. These types of
chains are used for hoisting, supporting counterweights, etc. The
function of a tension linkage chainis to transmt a noving force
usi ng chain tension hence the nonencl ature.

Lifting chain for roller and tainter gates thus falls under the
category of a tension |linkage, Engineering Steel Chain. For the
pur poses of this paper, the lifting chain for roller and tainter
gates will be referred to as roller chain (small letters). The
followng definitions are used in this paper (also see Fig. 1):

pitch - The distance between the centers of adjacent chain
joint menbers or center to center distance between adjacent pins.

si debars - tension nenbers connecting the chain joints

pins - connect one link section to another. pins are the
shear nmenbers between the inner and outer side bars.

STANDARDS

The American National Standards Institute (ANSI) and Anerican
Soci ety of Mechani cal Engineers (ASME) both publish standards for
chain as stated above. These standards are witten in English
units al though the latest editions of these standards have the
metric equivalent (for reference only). In fact, the basic design
of the chain in ANSI B29.1 is witten in English units. The
roller dianmeter is defined as 5/8 tines the pitch. There are
manuf acturers, however, that nake a true netric chain. Al so, the
European DIN (German) Standards and the International Standards
Organi zation (1SO categorize netric chain.

It should al so be noted that the majority of the ANSI/ASME
standards concern chain used in power transm ssion rather then
lifting applications. However, this difference is generally
irrelevant. The |l oading on the chain is basically the same and in
both applications the chain is going over a sprocket. The biggest
di fference between power transm ssion and lifting application is
likely to be the speed. In lifting applications, the chain travel
wll be extrenely slow

ANSI / ASME B29. 1M (1993), Precision Power Transm ssion Roller

Chai ns, Attachnents, and Sprockets list a series of standard
roller chain. However, this standard only classifies chain up to
a pitch of 3.0 inches. ANSI B29.1 assigns standard nunber
designations to chain based on pitch, chain wdth, and roller

di aneter. The chain sizes given in B29.1 are generally inadequate
for a mjority of tainter gate and roller gate lifting



applications. The primary benefit of this standard is that any
chain manufactured according to it wll fit over any
correspondi ng sprocket manufactured to the standard. The chai n of
one manufacturer will replace the chain of another manufacturer.

ANSI / ASME B29. 10M (1994), Heavy Duty O fset Sidebar Power

Transm ssion Roller Chains and Sprocket Teeth, only standardi zes
of fset sidebar type of chain. This standard is an Engi neering
Steel Chain standard and includes chain with a pitch up to 7
inches (177.8 mm) and a mninmumultimte strength of 425, 000
pounds (1890 kn).

Procuring a chain ‘off-the-shelf’ for use in gate lifting
applications is the nost |ikely using ANSI/ASMVE B29. 15. ANSI/ ASME
B29. 15M Steel Roller Type Conveyor Chains, Attachnents, and
Sprocket Teeth, includes chain with a pitch up to 6 inches (152.4
m) and a mnimumultinmate tensile strength of 33,000 | bs (146.85
kn). 1995 is the nost recent year this standard was updated. The
previous edition of this standard categorized this chain up to a
24" (609.6 mm) pitch and many manufacturers still make this chain
type up to 24" (609.6 mm) in pitch. Although the ngjority of
chain listed under this standard have rollers larger in dianmeter
then the sidebar width, smaller roller dianmeters are avail abl e.

EXI STI NG AND NEW GATE LI FTI NG CHAI' N

The roller gates for Locks and Dans 3 through 10 require a single
l[ifting chain. The tainter gates require two lifting chains per
gate. There are 45 roller gates total. There are 52 tainter gates
that require roller chain. Roller gate chain is considerably
stronger then the tainter gate chain. The roller gate chain pul
ranges from 230, 000 pounds (1022 kn) to 340,000 pounds (1511 kn).
The required tainter gate chain pull is 77,000 pounds (342 kn)
which is divided equally between two chains (38,500 pounds or 171
kn per chain). The roller gate chain uses nultiple sidebars (4)
per link section to neet the higher |oad capacity (See Figure 2).
The tainter gate roller chain uses two sidebars per |ink section
as shown in Figure 1.

The majority of the original tainter gate chain designs (fromthe
1930's) used offset side bar roller chain as opposed to straight
side bar roller chain. Prior to the MMR program of chain

repl acenent, at |east some sections of roller gate and tainter
gate chain were original and dated back to the 1930's. Any
original chain sections that were underwater were severely
corroded and the sidebars and pins were frozen in place. The
original roller chain had no provisions for lubrication of the



chain joint area.

The primary benefit of offset side bar type of chain is that the
links are all identical. Ofset sidebar chain can be used in odd
or even nunber pitches. The new chain designs for Locks 3 through
10 utilize straight sidebar roller chain. The primry advant age
of using straight sidebar chain is that the chain is easier to
manuf acture. Al so, for a given sidebar plate thickness, the
straight sidebars will have nore strength. Straight sidebar chain
consists of inside and outside links and sections of this chain
type nmust be used in even nunber of pitches (lengths). This chain
can al so be constructed wthout rollers. However, in gate lifting
applications, the rollers are necessary for reducing friction as
the chain is going over the sprocket.

The existing sprockets on the Locks 3 through 10 dam gates were
reused. This required newroller chain to match the old roller
chain in pitch. The required pitch for a majority of the tainter
gate chains is 10" (254 mm and the required pitch for the
majority of the roller gate chain was either 12" (304.8 nm or
13" (330.2 mm.

Roller chain is available in single strand or nultiple strand.
The primary type of chain used for the roller gates and tainter
gates is single strand roller chain. This will be the only type
of chain examned in this paper and this is the type of chain
used in the MMVR program

Most of the existing roller and tainter gate chains have been
replaced. The current chain supply contract will be used to

repl ace tainter gate chain at Locks and Dans 5A, 6, 7, 8, and 9.
The design of the lifting chains has evol ved over the course of
several supply contracts. Roller gate chain supply contracts were
i ssued in 1986, 1988, and 1992. A tainter gate chain supply
contract for Lock and Dam 10 was issued in 1996. Previous chain
supply contracts have used different materials and designs.
Previous materials used for the replacenent lifting chain are

di scussed further in the MATERI AL SELECTI ON par agr aph bel ow.

Several bearing and bushi ng designs have been used for the chain
joint area. Lube-free bushings were used in the chain joint for
the tainter gate chains at Lock and Dam 10. These designs are

di scussed in nore detail in the paragraph CHAI N DESI GN and

MAI NTAI NABI LI TY bel ow.

Several gate lifting chain designs, including those on the Chio
Ri ver and M ssissippi River Locks 11 through 22, were
i nvestigated for possible use in the current chain supply



contract. Robert C. Byrd Lock and Dam (on the Chio River)
utilizes stainless steel pins and al um num bronze sidebars for
the lifting chain design. This was the design used for the Locks
and Danms 5A, 6, 7, 8, and 9 tainter gate chain supply contract.

MATERI AL SELECTI ON

Material selection is likely the single nost inportant feature of
the roller type lifting chain design. The type of material used
for the chain will inpact the strength, corrosion resistance, and
overall life of the chain. Proper material selection nust be nmade
to insure a 50 year life for the lifting chains.

The roller chain used on tainter gates and roller gates will at a
m ni mum be subjected to rain, snow, etc. The portion of the chain
that connects to the gate, however, will be subnmerged in the
river. This will subject the chain to silt and debris. Because
the damgates are rarely noved conpletely out of the water, the

| oner section of chain will be subnerged for a magjority of its
service life. This lower portion of chain will also be subjected
to sandbl asting and paint over spray when the dam gates are being
pai nt ed.

For the MVWMR program several material types have been used for
the lifting chain. The initial designs for the MWR program used
1045 steel sidebars (sandbl asted and pai nted) and 4150 or 4142
steel pins with nickel plating. Metallizing (Mnel coating) was
al so used the sidebars.

Because of the use of steel sidebars, it is likely that the
subnerged portion of the gate chains will need replacing over the
next 50 years (even with netallizing or painting).

The nost recent lifting chain design, as stated earlier, utilizes
al um num bronze sidebars and stainless steel pins. Both of these
materi als shoul d provi de adequate corrosion protection to all ow
the chain to last 50 years. Al um num bronze is manufactured per
ASTM B505 and a 62,000 psi (427,586 kPa) m nimumyield strength
is specified.

The stainless steel pins are manufactured per ASTM A564 Type XM
25 Condition H1050. This stainless steel is equivalent to 304
stainless steel for corrosion resistance. The primary

di sadvantage of using this type of stainless steel is that it was
devel oped by Carpenter Technol ogy (as Carpenter Custom 450
Stainless Alloy) and is not readily available from ot her

manuf acturers. O her options for the stainless steel include



usi ng ASTM A564 Type 630. This material is very close in
properties to XM 25 and is available from nore manufacturers.
There are sone di sadvant ages of using Type 630 stainless versus
XM 25. The Type 630 stainless is nore difficult to machi ne and
must be age hardened prior to using. A conparison of the
stainless steels is provided below in Table 1:

Table 1
ASTM A A564 Type XM 25, H1050 ASTM A564 Type 630, H1025
M n Tensil e: 145, 000 psi 155, 000 psi
Mn Yield: 135, 000 psi 145, 000 psi
BHN: 321 331

BHN i s Brinell hardness nunber

COST

The cost of the lifting chain will primarily be a function of the
materials used. The first chain supply contracts (for the roller
gates) all used 1045 steel for the sidebars. These sidebars were
then painted or netallized. Pins were either 4150 or 4142 steel

wi th nickel plating.

Al t hough carbon steel materials will have the lowest initial

cost, it is likely that the underwater portions of the chain wll
need repl acenent over 50 years. The stainless steel and al um num
bronze chain design will thus have a lower life cycle cost. Also,
t he nickel plating of the pins approaches the cost of a stainless
steel pin.

For the latest chain supply contract, several material options
were investigated and estimated. Al so, various conbinations of
materi al s have been cost estimated on a per pound of chain basis.
Cost estimating the chain on a per pound basis allows conparison
of different designs. The chain |l ength and size becones
irrelevant. The followi ng Table 2 sumrari zes the chain costs

bet ween the various supply contracts. Al costs have been
converted to 1997 doll ars.

Table 2 - Chain Costs

Contract # and Year Chai n Type Cost/ Pound of Chain




1 - 1986 (Roller Steel Sidebars with |$4.4
Gat e Chain) Ni ckel Plated Pins

and Grease Fittings
2 - 1988 (Roller Steel Sidebars with |$3
Gat e Chain) Ni ckel Plated Pins

and Grease Fittings
3 - 1992 (Roller Steel Sidebars with |$3.1
Gate Chain Ni ckel Plated Pins

and Grease Fittings
4 - 1996 (Tainter St eel Sidebars and $8
Gate Chain for Dam Ni ckel Plated Pins
10) wi t h Non- Lube

Bushi ng
5 - 1997 (Tainter Al um num Bronze $6
Gat e Chain) Si debars and

St ai nl ess Pins

The cost figures include all machining, assenbling, and shipping.
All stainless steel chain using ASTM A564 Type XM 25 (both
sidebars and pins) will approach $10 per pound of chain. The
first supply contract for roller gate chain was higher in cost
then the next two contracts because only 4 chains were ordered.
22 roller chains were fabricated in the second supply contract
and 18 chains in the third. This all owed nmachi ning, assenbly, and
shi pping costs to be spread over nore chains.

Chai n designs using a non-lubricated bushing will have a
relatively high cost. This was the case for the tainter gate
chain at Lock and Dam 10. This design was not continued because
of the high cost of the bushings. Each bushi ng was approxi mately
$20.

CHAI' N DESI GN

The new chain designs for the MMVR program are designed for a 50
year service life. Several design considerations need to be

anal yzed to insure this 50 year life. The rate of corrosion is
probably the nost inportant. As discussed above, the materi al
selection will dictate how nuch the chain will corrode over 50
years (in particular the |ower section of the chain). There are
ot her design considerations that need to be anal yzed, however.
This includes yield strength, shear strength, fatigue strength,
bearing stress at the chain joint, bearing clearance at the chain
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joint, and shock | oadi ng.

The ANSI/ASME standards define mninumultimate strength (MJS) as
the tensile load in pounds (or kilonewtons) at which a chain, in
the condition at the tinme it left the factory, may break in a
single | oad application. The yield strength of the chain should
be 40%to 60% of the MJS. The chain al so should be designed for
shock | oadi ng. An exanple of this would be when a gate falls
agai nst a slack chain. The ACA Design and Applications Handbook
lists a service factor of 1.4 to 1.7 for heavy shock | oadi ng.
Several of the lock sites have broken chain in the past when a
gate has been dropped agai nst a slack chain or when slack chain
was generated to provide additional nonmentum for breaking a
frozen gate | oose. Even though these practices are not
recommended by the designers, the lifting chain will |ikely be
subjected to these conditions over its service life.

Since the lifting speed of damgates is very slow, the
chai n/ sprocket design is not paranmount. The main factor for the
chain is the ability to hoist and hold the | oad fromthe dam
gates and performunder all service conditions.

The interface between the pin and sidebar of the chain (or the
chain joint) will be the highest stress area of the chain. A
chain failure will likely result fromeither a sidebar or pin
failure in this area. At the chain joint area, the sidebar wll
be in tension and shear. Corrosion in the chain joint area may
cause the pin not to rotate as the chain is going over the
sprocket causing danmage to the gate hoi st machinery. The bearing
cl earance necessary in the chain joint will depend on the
materi als used for the sidebar and pin. A m ninmm cl earance of
.005" is used in the current chain design. This val ue should be
doubled or tripled if steel sidebars and pins are being used.

The pin undergoes bending stress in the center between sidebars
and al so shear stress at the chain joint. Both of these val ues
need to be cal cul at ed.

An appropriate design standard is necessary to adequately design
the chain joint area and determi ne a bearing stress. The American
Associ ation of State H ghway & Transportation Oficials (AASHTO
standard for bridges can be used for this purpose. In particular,
t he design constraints for pins, rollers, and rockers for bridges
can be utilized. This standard nmakes a distinction between
bearing stress on pins subject to rotation versus non-rotating
pins. The chain joint should be classified as a rotating joint as
opposed to a non-rotating joint. The standard al so sets an

al | owabl e shear stress (Fv) of 40%of yield for the pin.



The AASHTO specifications for bridges al so hel ps determ ne

whet her a bushing or bearing is required. The AASHTO
Specification for H ghway Bridges, 15th Edition, 1992, Section 10
(Structural Steel), Part C (Al lowable Stress Design), Table

10. 32. 1A permts an all owabl e bearing stress of 80% of yield for
pins not subject to rotation. This specification allows a bearing
stress of 40% of yield for pins subject to rotation. The standard
states the effective bearing area of a pin shall be the dianeter
mul tiplied by the thickness of material on which it bears (the

si debar for instance).

The AASHTO standard for pins, rollers, and rockers is neant to
elimnate galling in the pin/rocker area (ie. chain joint). The
AASHTO standard inplies that stress val ues bel ow 40% of yield
strength will avoid galling and that a bushing or bearing is not
requi red. The standard only recognizes structural steel and all oy
steel materials, however. @Glling results fromnetal to neta
contact. Wien a cohesive force between two netal s exceeds the
strength of either netal, adhesion or cold welding will occur.
Under high stresses, cold welding will occur nore rapidly and
over a wder area. For instance, galling will |ikely occur when
the chain is |loaded up to and beyond yield limts. Glling is

al so a particular concern when stainless steels are mated with
ot her stainless steels. Thus, if no bearing or bushing is used
with an all stainless steel chain (sidebar and pin), the 40% of
yield value may need to be lowered. The surface finish at the
chain joint will also affect the rate of galling. The snoot her
the surface finish, the less likely galling will take place.

Sel f-lubricating bushings were used in the chain joint for the
tainter gate chain at Lock and Dam 10. These bushi ngs were
pressed into the sidebars. A 25 ksi |oad rating was specified.

The current chain design using alum num bronze sidebars and
stainless steel pins wll act like a bushing/pin interface. These
two netal s have good conpatibility in terns of their bearing
properties. These materials also have a fairly | ow corrosion
potential (fromdissimlar netal corrosion or galvanic
corrosion). The lower the potential difference, the less likely
gal vanic corrosion will occur. The ‘*Metals Handbook’ (3) lists a
potential difference of +79 mllivolts between al um num bronze
and 304 stainless steel in dilute sea water. This conpares to
+904 mllivolts between zinc and copper.

Fatigue strength of the chain should be considered in the chain
desi gn even though the chain speed is slow It should be noted,

however, that fatigue strength is not likely to be the [imting
factor in the chain design. The dam gates are usually rai sed and
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| onered several tines each week. If it is assuned that the gates
W ll be raised and lowered 3 tinmes per week, then over a 50 year
period, the chains wll be cycled nearly 10,000 tinmes. As each
chain link section goes over the sprocket, it will be subjected
to maxi numtension. The link section will then be slack as it
goes over the sprocket and is coiled up in the chain rack. Dam
operators generally allow tainter gates to freeze in place during
the winter and regul ate pool levels with roller gates.

MAI NTAI NABI LI TY

A primary goal of the latest chain design was to either elimnate
or reduce the anmount of mai ntenance necessary on the gate lifting
chains. It takes a crew of 4 people one week to bul khead a single
gate, tenporarily support the damgate, and grease the lifting
chains (2 per tainter gate or one per roller gate). Thus,
switching to a non-lubricated chain offers a significant cost

savi ngs over 50 years.

The MWWR program al so offered the opportunity to use wire rope as
opposed to roller chain for lifting the damgates. Roller chain
repl acenent offers several advantages, however. First, the
existing gate lifting machinery could be reused. Al so, using
roller chain instead of wire rope requires | ess nmai ntenance over
50 years. Wre rope needs to be lubricated on a regul ar basis.
Any damaged part of roller chain can be replaced while wire rope
must be conpletely repl aced.

The original (1930's design) roller chains for the tainter gates
and roller gates were lubricated in a nunber of different ways.
All of these lubrication nethods allowed oil and grease into the
water. Sonme of the lock sites lubricated the chain wth 30W not or
oil. Oher sites used diesel fuel or waste oil. None of these

nmet hods al l owed any lubricant into the chain joint since the
bearing cl earances were too tight.

The initial roller gate chain supply contracts incorporated a
grease lubrication system The pins were installed wth a grease
fitting and drilled to allow grease to flowinto the chain joint
area. Although, the grease ports worked well initially, there is
a nunber of themnow that will not accept grease. Al the |ock
sites with grease fittings have reported problens. This system

of fered no advantages from a mai nt enance standpoint. Al so, any
excess grease still ended up in the river.

The | ube-free bushings were investigated and used for the tainter
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gate lifting chain at Lock and Dam 10. Kamatics Corporation and
Mari ne I ndustries Corporation both manufacture bushi ngs capabl e
of the required |oad rating. Marine Industries manufactures the
bushing line called Thordon. A Kamatics bushing was used for Lock
and Dam 10 chain. This bushing used a 304 stainless steel housing
wi th Karon V pol yner conposite liner. The Karon |lining can al so
be applied to other material s including nanganese bronze. The

pri mary di sadvantage of using the |ube-free bushings is cost.

The current chain supply contract uses no bearing or bushing in
the chain joint. The chain joint is designed as a bushi ng,
however, since the sidebars are made of al um num bronze and the
pins are nmade of stainless steel. This design will elimnate the
need for greasing of the chains.

ZEBRA MUSSELS

Zebra nussel s have becone nore prevalent in the Upper M ssissipp
Ri ver systemw thin the |ast several years. They will likely
beconme even nore nunerous over the next 50 years. During a recent
dewat eri ng of Lock and Dam 5A, zebra nussels were found
conpletely covering the bottomof the | ock chanber. The zebra
mussel s attach thensel ves to subnerged gates, intake val ves,
grating, concrete, etc. At a mninmm the subnerged portion of
the gate lifting chains needs to be designed to reduce or
elimnate zebra nussel attachment. Material selection needs to be
made to reduce or elimnate zebra nussels fromattaching to the
chain. It is likely that designing to reduce zebra nusse
infestation will beconme a primary consideration in the near
future.

Testing and research by the U S. Arny Corps O Engineers
Wat er ways Experinment Station (VWES) and the Construction

Engi neeri ng Research Laboratory (USACERL) have shown that zinc
and copper are toxic to zebra nussels.

The | atest design of the chains, as stated above, use al um num
bronze sidebars and rollers. The specific alloy is UNS No. C95500
whi ch is conposed of 78% copper.

The stainless steel pins will not be toxic to the zebra nussels.

However, the alum num bronze rollers cover the pins between the
si debar s.
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